Ovarian cystic masses include a spectrum of benign, borderline and high grade malignant neoplasms. Imaging plays a crucial role in characterization and pretreatment planning of incidentally detected or suspected adnexal masses, as diagnosis of ovarian malignancy at an early stage is correlated with a better prognosis. Knowledge of differential diagnosis, imaging features, management trends and an algorithmic approach of such lesions is important for optimal clinical management. This article illustrates a multi-modality approach in the diagnosis of a spectrum of ovarian cystic masses and also proposes an algorithmic approach for the diagnosis of these lesions. 
INTRODUCTION
Ovarian cancer is the second most common gynecological malignancy with the highest mortality rate of all gynecological malignancies and an overall 5-year survival rate of 46% [1] . An important reason for this high mortality is the extensive disease at the time of diagnosis which makes it important to characterize these lesions early in its course. Many of the ovarian lesions are incidentally detected, for which imaging plays an important role in treatment planning by characterization of these lesions. An accurate characterization of a lesion as benign may obviate the need for surgery, while an indeterminate or malignant lesion needs surgical intervention and perhaps detailed chemotherapeutic planning.
MULTI-MODALITY IMAGING WORKUP
Ultrasonography (US) remains the primary modality of choice for evaluating pelvic masses, due to its easy availability, high-sensitivity, cost-effectiveness and lack of ionizing radiation. Transvaginal US (TVUS) also remains helpful in differentiating various simple benign entities from indeterminate or malignant lesions. Color Doppler has been proposed in differentiating benign from malignant neoplasms, based on the fact that malignant neoplasms usually have a low resistance index. A resistive index of less than 0.4 and a pulsatility index of less than 1.0 are considered suspicious of malignancy. However, due to overlap of these findings in benign and malignant neoplasms, the clinical utility of Doppler imaging is limited [6] . Overall, ultrasound has variable sensitivity and specificity for identifying and characterizing borderline or malignant lesions which may partly be attributed to operator dependency and/or patient's body habitus [7] [8] [9] [10] .
Computed tomography
Many ovarian lesions detected by computed tomography (CT) are incidental findings on studies performed for nonspecific symptoms, such as abdominal distension, pain and urinary symptoms [11] . CT has a limited role in primary evaluation and characterization of ovarian cystic lesions, except for mature cystic teratoma which can be confidently characterized due to the presence of macroscopic fat and calcifications. However, CT is the imaging modality of choice to evaluate the extent of the disease in pretreatment planning, including cytoreduction and for post treatment follow up [11] . The sensitivity and specificity of CT in the staging of ovarian carcinoma has been described to be 50% and 92% respectively in one study [12] .
Magnetic resonance imaging
Due to its better tissue characterization and multiplanar capabilities with excellent anatomical delineation, contrast enhanced magnetic resonance imaging (MRI) helps in differentiating benign from malignant ovarian masses, in most cases [13] . In one study, MRI demonstrated a sensitivity and specificity of 100% and 94%, respectively, in the evaluation of sonographically indeterminate ovarian lesions [14] . Due to its limited availability and relatively high cost, MRI is frequently utilized as a problem solving tool in indeterminate lesions.
Positron emission tomography/CT
Although this modality has recently shown an expanding utilization for treatment planning and follow-up, it is not a recommended modality for primary detection of cancer [11, 15] . Positron emission tomography (PET)/CT have been described to show false negative results in borderline indeterminate ovarian neoplasms [11] . Since increased FDG activity has been demonstrated with endometriosis, fibroids and also normal follicles in premenopausal women, it may alter the cancer staging [15] [16] [17] . However, increased FDG uptake in postmenopausal women is always abnormal. It has been demonstrated that combined PET/CT has a higher sensitivity and specificity in detecting tumor recurrence than with CT or MRI alone [18] [19] [20] .
BENIGN CYSTIC OVARIAN MASSES
Functional/hemorrhagic cysts Most ovarian cysts in the reproductive age group are physiological or functional in nature, including dominant follicles, follicular cysts which result from failure of the follicle to rupture or regress, and corpus luteal cysts which may contain hemorrhage [21, 22] . On ultrasound, functional cysts are thin walled (< 3 mm), unilocular, with posterior acoustic enhancement [23] (Figure 2A ). Complex cysts may present as reticular echoes or a heterogeneous clot from hemorrhage. The presence of solid components, papillary projections, intralesional vascularity or nodular septa is a high concern for malignancy [24, 25] . In premenopausal women, cysts with uniform internal echoes, reticulations [2] [3] [4] [5] . or septations may represent hemorrhagic functional cysts or an endometrioma. A follow up ultrasound in 6-12 wk should be performed in these cases [26] . A functional hemorrhagic cyst shows complete interval resolution whereas an endometrioma persists or even slightly increases in size intervalley ( Figure 2B ). On MRI, most functional cysts have low signal intensity on T1-weighted images and very high signal intensity on T2-weighted images (Figure 3 ). Hemorrhagic corpus luteum cysts have a characteristic appearance of blood products manifested by relatively high signal intensity on T1-weighted images and intermediate to high signal intensity on T2-weighted images and this may pose a difficulty in differentiation from endometrioma if no prior imaging is available [27] [28] [29] (Figure 4) . 
Ut Ut

Polycystic ovaries
Polycystic ovarian syndrome (PCOS) is one of the most common human endocrinopathies, affecting 5%-10% of women of reproductive age [30] . Not all patients with ultrasound features of PCO have clinical PCOS, which is characterized by menstrual irregularities, hirsuitism, obesity and sclerotic ovaries [31] . TVUS is currently the gold standard for diagnosing PCO. The classic ultrasound feature is an enlarged ovary with 10 or more peripherally arranged cysts, each cyst of 2-8 mm diameter, with an echogenic central stroma [31] . MRI is rarely utilized in primary evaluation of PCO as it does not add to information provided by TVUS. The best sequence is T2 weighted images in the long and short axis of the uterus, demonstrating peripherally arranged uniform sized high signal intensity cysts with hypointense central stroma ( Figure 5 ).
Endometrioma
The ectopic implantation of endometrial tissue outside the uterus is termed as endometriosis. It is commonly seen in child bearing age with 80% implanted in the ovary [32, 33] . Endometriosis may be clinically silent or may present with pelvic pain, dysmenorrhea and infertility. Sonographically, endometrioma are cystic masses with diffuse low level internal echoes. However, they can have a varied presentation ranging from cystic to complex, with hyperechoic foci secondary to a cholesterol cleft or blood clot in the wall [23] ( Figure 6A ). Endometriomas and implants may mimic malignant lesions on CT. MRI usually reveals very high signal intensity on T1-weighted images (light-bulb) and intermediate to low signal intensity on T2-weighted images classically labeled gray haze/shade, which is attributed to hemoglobin degradation products in various stages (deoxyhemoglobin, methemoglobin and iron products) and decreased free water content [34] [35] [36] . Generally, high signal intensity on T1-weighted images could be seen secondary to either fat or blood and persistent high signal on fat saturated T1-weighted image confirms the absence of fat in the lesion (Figures 6B-D and 7). Other MR findings could include high signal intensity on T1-and T2-weighted images and adhesion/tethering to the adjacent structures. The presence of multiple high signal intensity foci on T1-weighted images in both ovaries also favors the diagnosis of endometrioma. Less than 1% of endometriosis is associated with malignancy, particularly endometrioid or clear cell adenocarcinoma [37] . Malignant transformation of endometriomas has been rarely described to demonstrate low signal intensity on T2-weighted images with post contrast enhancing mural nodules [7] . The mural nodular enhancement is more conspicuous on subtracted pre and post contrast enhanced images [37] .
BENIGN EPITHELIAL OVARIAN TUMOR
Benign epithelial tumors are primarily cystic in appearance and seen in younger age groups. On the other hand, the malignant counterparts are cystic with predominant solid components [38] . The two most common subtypes of epithelial neoplasms are serous and mucinous tumors.
Serous cystadenoma are usually thin walled (less than 3 mm) cysts; unilocular or rarely multilocular. Serous cystadenoma usually demonstrate homogeneous high signal intensity on T2-weighted images and low signal intensity on T1-weighted images and do not exhibit significant post contrast enhancement [39] ( Figure 7 ). They are usually bilateral and smaller than mucinous cystadenomas.
Mucinous cystadenoma are larger in size than serous cystadenoma. On US and MRI, it presents as multilocular (honeycomb like locules) with a thin regular wall and septa without any endo or exocytic vegetation and shows no significant post contrast enhancement [39] (Figure 8 ). The MR signal intensity of mucinous cystadenoma depends on the hydration of the mucin, which when dehydrated can be of low signal intensity on T2-weighted images.
Ovarian cystadenofibroma is an uncommon epithelial ovarian neoplasm in which fibrous stroma is the dominant component in addition to the epithelial lining. These are usually benign, occurring in the reproductive period and an accurate preoperative diagnosis may contribute to avoiding surgical intervention [40, 41] . Half of ovarian cystadenofibromas are purely cystic and the other half are complex cystic masses with a solid component and/or thick septa, thereby mimicking a malignant lesion [42] . Imaging findings of purely cystic cystadenofibroma are similar to cystadenomas; however, on microscopy they have small foci of fibrous stroma [43] . On ultrasound and CT, cystadenofibroma may appear as a complex cystic or solid mass mimicking malignancy. Characteristic MR imaging features of these tumors on T2-weighted images include very low signal intensity of the solid component (relatively isointense to the skeletal muscle) and a hyperintense cystic component [44] (Figure 9 ). Diffuse or partial thickening of the cyst wall with low signal intensity on T2-weighted images may be also seen with or without a solid component [44, 45] . These solid components, however, demonstrate mild post contrast enhancement.
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March 28, 2013|Volume 5|Issue 3| WJR|www.wjgnet.com Mature cystic teratoma is commonly seen in women less than 45 years of age and is composed of tissues from all three embryogenic germ cell layers, constituting sebaceous material, hair follicle, skin glands and muscles. They usually demonstrate a raised protuberance called a Rokitansky nodule into the cyst within which hair, bone and teeth could be noted [39, 46, 47] . On imaging, findings vary from purely cystic to mixed to non cystic mass containing predominantly fat. On ultrasound, appearances vary from a purely cystic lesion with a peripheral nodule to a partially echogenic mass with posterior shadowing from adipose material, calcifications and hair, as well as multiple thin, echogenic bands which are occasionally seen resulting from hair in the cyst [39] . CT demonstrates characteristic fat attenuation with or without calcification in the wall [48, 49] . On MR imaging, sebaceous components have high signal intensity on T1-weighted imaging similar to retroperitoneal fat and loses signal on fat suppression T1-weighted sequence, suggesting macroscopic fat. Low signal intensity on T1 and T2 weighted images could be secondary to soft tissue protuberances from Rokitansky nodules and calcifications (teeth) (Figure 10 ). Complications include torsion from large size and rupture causing leakage of sebaceous component into the peritoneum causing granulomatous peritonitis. Less than 2% may undergo malignant transformation [50] .
BORDERLINE CYSTIC OVARIAN NEOPLASMS
This group includes noninvasive ovarian neoplasms histologically characterized as epithelial tumors with a stratified growth pattern. These usually manifest in younger females with an excellent prognosis [51] . The mean age of presentation of borderline ovarian tumors has been described to be approximately 20 years earlier than that of invasive ovarian carcinomas [52] . Considerable controversy remains regarding definition and management of borderline ovarian tumors [53] . Serous and mucinous neoplasms constitute the majority of borderline tumors [54] . On imaging, borderline serous cystic neoplasms manifest as complex cystic masses with mural nodules and septations. Serous borderline tumors may behave aggressively, presenting with lymphadenopathy and peritoneal implants. Despite extraovarian spread, serous borderline tumors still have a better prognosis in contrast to the high-grade serous cystadenocarcinoma [51] . Given the lack of distinguishing characteristics between benign and early malignant epithelial neoplasms, these are rarely diagnosed preoperatively [11] . The diagnosis may be considered based on a younger age group and mildly elevated CA-125 levels [55] . Endometroid carcinomas constitute 10%-15% of all ovarian carcinomas [39] . They are the most common ma- lignant neoplasm arising within endometriosis [37, 56] . These tumors are bilateral in 30%-50% cases. An association with endometrial carcinoma and endometrial hyperplasia has been described [57, 58] . Imaging findings include a large, complex cystic mass with enhancing solid components ( Figure 11 ).
Clear cell carcinoma constitutes 5% of all ovarian carcinomas and is usually seen in patients with endometriosis [57, 58] . Imaging findings include a unilocular or large cyst with solid protrusions demonstrating mild post contrast enhancement and may overlap with cystadenofibroma [39, 59] ( Figure 12 ). These findings are non specific and add to the differentials of low malignant potential serous tumors.
MALIGNANT CYSTIC NEOPLASMS
On imaging, malignant cystic neoplasms are complex masses with a solid and cystic component. The presence of a thick irregular wall (> 3 mm), septations (> 3 mm), papillary projections and enhancing soft tissue with a necrotic component are highly suggestive of malignant neoplasms and are better appreciated on dynamic contrast enhanced MR imaging [60] . They are usually associated with ascites, peritoneal and omental implants and lymphadenopathy, depending on the extent of the disease. MRI remains more sensitive and specific relative to Doppler ultrasound and contrast enhanced CT in characterizing these masses [61] . High grade serous cystadenocarcinoma constitutes 25% of serous epithelial neoplasms and usually demonstrates low signal intensity papillary projections on T2-weighted images which demonstrate significant enhancement on post contrast MR images ( Figure 13 ). Heterogeneity and calcifications (psammoma bodies in 30%) are also seen. Bilaterality and peritoneal carcinomatosis are frequently encountered with serous cystadenocarcinoma [5] . Mucinous cystadenocarcinoma constitutes 5% to 10% of mucinous epithelial neoplasms. They are mostly unilateral and have papillary projections and solid enhancing soft tissue components [39] (Figure 14) . They can rupture and cause pseudomyxoma peritonei.
Germ cell tumors represent 15%-20% of all ovarian neoplasms and include the following subtypes: mature teratoma, immature teratoma, dysgerminoma, endodermal sinus tumor, embryonal carcinoma and choriocarcinoma [4, 5] . Of all the subtypes, mature teratoma is the most common lesion and is benign in nature. Elevated enzyme markers like serum α fetoprotein and human chorionic gonadotropin are seen with choriocarcinoma and can help establish the diagnosis [4, 46, 47] . Endodermal sinus tumor (Yolk sac tumor) is a rare malignant tumor of germ cell group and seen during the second decade of life. It is associated with an elevated serum α-fetoprotein level. TVUS demonstrates a large heterogeneous complex mass with solid and cystic component. MRI is useful in evaluating the extent, given the large size of this tumor, and demonstrates solid and cystic components with differential post contrast enhancement [4, 62] . Granulosa cell tumor accounts for less than 5% of all malignant ovarian tumors and is the commonest malignant sex cord tumor [3] . Adult ovarian Granulosa cell tumors are the most common ovarian neoplasms associated with overt endocrine manifestations, such as irregular menstruation cycles, menorrhagia and amenorrhea due to estrogen production by the tumor [63, 64] . On US, Granulosa cell tumor has been described as a complex cystic echogenic mass [65, 66] . On CT and MRI, it presents as a complex mass with solid and cystic component, sometimes showing a honey comb pattern. The multilocular cystic spaces are usually filled with hemorrhage or serous fluid. They are mostly confined to the ovary at the time of diagnosis [6] . They are complex masses with high T2-signal intensity from the cystic component and intermediate to low signal intensity from the solid component. Hemorrhage within the cysts may present with high signal intensity on T1-and T2-weighted images [6] . Ovarian metastases constitute approximately 10% of all ovarian neoplasms [39] . Metastases may occur via direct extension or peritoneal spread. The most common primary neoplasms are bowel, stomach and breast. Krukenberg tumors are used as a synonym for ovarian metastasis from gastric cancer demonstrating mucin filled signet cells and are mostly bilateral and solid [67] . Cystic ovarian metastases originate from colon cancer and frequently present as multiloculated cystic masses with a varying amount of solid component ( Figure 15 ). Metastases from mucin producing tumors and also those with cystic and necrotic solid component closely resemble primary neoplasms [68] . Thick mucinous material exhibiting very low signal intensity on T2-weighted images has been described ( Figure 16 ) [6] . Sonographic anechoic unilocular ovarian cyst (< 3 cm) 
C B A
Wasnik AP et al . Multimodality imaging of ovarian cystic lesions either a surgical evaluation vs further imaging with MRI for confirmation or yearly follow up may be considered. Alternately, an incidentally detected ovarian lesion on MRI showing high signal intensity on both T1-and T2-weighted imaging may represent a hemorrhagic cyst vs endometrioma. A follow up ultrasound in 6-12 wk should be performed in these cases to document interval resolution.
A sonographic ovarian complex cyst with internal echoes, fluid-fluid level and foci of calcification (posterior acoustic shadowing) is likely to represent a dermoid/teratoma. This can either be confirmed with CT or MRI for the presence of fat and also to evaluate the extent of the lesion (as many dermoids with calcification can represent with no septations or solid component seen on ultrasound is almost certainly a benign functional cyst/dominant follicle. No further imaging needed. If more than 5 cm and less than 7 cm, a yearly follow up ultrasound is suggested. If more than 7 cm, either surgical evaluation or follow up may be considered to document stability [26] . Ovarian cysts with a thin wall and uniform internal echoes with no intralesional vascularity may represent a hemorrhagic functional cyst or endometrioma. A follow up ultrasound in 6-12 wk should be performed to ensure resolution [26] . If there is complete interval resolution, it suggests a hemorrhagic functional cyst; if the lesion remains unchanged, it likely represents endometrioma and Figure 16 Imaging based algorithmic approach to cystic ovarian lesions: premenopausal age group. US: Ultrasonography; MRI: Magnetic resonance imaging; CT: Computed tomography. Adapted from [26] .
Figure 15 Ovarian metastases.
A 52-year-old woman with weight loss, loss of appetite and pelvic mass. Contrast enhanced computed tomography (CT) images of the lower abdomen and pelvis (A and B) shows a large complex cystic mass (arrow) with enhancing solid components (arrowhead), arising from the pelvis and extending superiorly into the abdomen. Contrast enhanced CT (C), demonstrates nodular thickening along the lesser curvature of the stomach (thick arrow) which was found to be gastric adenocarcinoma on biopsy. Also note metastatic deposits in the left hepatic lobe (thin arrows) with perihepatic ascites and omental nodularity (double arrow). Figure 17 Postmenopausal age group. US: Ultrasonography; MRI: Magnetic resonance imaging. Adapted from [24, 26, 69, 70] . just the tip of iceberg) or should undergo surgical evaluation. Incidentally, a detected lesion on CT with foci of fat attenuation, fat-fluid level and calcification is diagnostic of a dermoid. Sonographic complex cystic lesions with solid components and/or mural nodules and/or thickened irregular septa remains a concern for a malignant neoplastic process and surgical evaluation or imaging with contrast enhanced MRI is recommended for characterization and evaluation of the extent of the disease (Figure 17 ) [26] . Simple < 1 cm cysts are commonly seen in this age group and are considered clinically unimportant [26] . Anechoic unilocular simple cysts (no septations or solid component) less than 5 cm in diameter and seen on ultrasound have a very low malignant potential [69, 70] . Cysts more than 1 cm and less than 7 cm should have a yearly follow up ultrasound to document stability. If more than 7 cm, either surgical evaluation or further imaging with MRI should be considered [26] . Any complex cystic mass demonstrating thick, irregular septations and a solid component with or without intralesional vascularity is mostly malignant and should undergo surgical evaluation [26] . Some of these patients may undergo CT or MRI imaging prior to surgery to define the nature and extent of the disease and also as baseline study for post treatment follow up [23] .
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CONCLUSION
Ovarian cystic lesions constitute a spectrum from benign to malignant pathology. Imaging can confidently characterize the majority of cystic lesions as benign, thereby avoiding an aggressive surgical approach. Lesions that remain indeterminate can be closely followed or surgically resected with a relatively conservative approach. Whilst cases of malignant lesions while imaging can raise a high diagnostic concern, it can also evaluate the extent of disease, thereby guiding appropriate treatment planning.
